Pain symptoms in several chronic pain disorders in women, including irritable bowel syndrome, fluctuate with the menstrual cycle suggesting a gonadal hormone component. In female rats, estrogens modulate visceral sensitivity although the underlying mechanism(s) are unknown. In the present study the effects of 17-b estradiol on N-methyl-D-aspartate (NMDA) receptor signaling of colorectal nociceptive processing in the spinal cord were examined. Estrogen receptor alpha and the NR1 subunit of the NMDA receptor are co-expressed in dorsal horn neurons, supporting a direct action of estradiol on NMDA receptors. Intrathecal administration of the NMDA receptor antagonist D(À)-2-amino-5-phosphonopentanoic acid (APV) dose-dependently attenuated the visceromotor response with greater potency in ovariectomized (OVx) rats compared to OVx with estradiol replacement (E2) rats. Estradiol significantly increased protein expression of NR1 in the lumbosacral spinal cord compared to OVx rats. Colorectal distention significantly increased phosphorylation of NR1ser-897, a PKA phosphorylation site on the NR1 subunit in E2, but not OVx rats. Intrathecal administration of a PKA inhibitor significantly attenuated the visceromotor response, decreased NR1 phosphorylation and increased the potency of APV to attenuate the visceromotor response compared to vehicle-treated E2 rats. These data suggest that estradiol increases spinal processing of visceral nociception by increasing NMDA receptor NR1 subunit expression and increasing site-specific receptor phosphorylation on the NR1 subunit contributing to an increase in NMDA receptor activity. Ó
Introduction
Pain arising from visceral organs is one of the most common forms of pain in the clinical setting, and one of the most frequent reasons why patients seek medical attention [9] . In general, women are more sensitive to pain than men and functional bowel disorders, such as irritable bowel syndrome (IBS), are 2-3 times more prevalent in women [3, 22, 39] . The severity of pain symptoms in women with IBS fluctuates with the menstrual cycle suggesting female gonadal hormone(s) modulate pain processing [24, 45] .
Estrogenic influences on visceral sensitivity have been reported in animal studies. Escape responses to vaginal and uterine distention change across different stages of the estrous cycle [6] . The threshold to evoke a visceromotor response or pressor response to colorectal distention (CRD) is lowest in proestrus [53] . Compared to intact rats, ovariectomy reduces the magnitude of the CRD-evoked visceromotor response and the response of dorsal horn neurons, which is reversed by estradiol replacement [28, 30] . These data suggest estrogens play an important role in modulating visceral nociceptive 
